1. Introduction {#sec1}
===============

Pars plana vitrectomy (PPV) has been the gold standard for the treatment of idiopathic macular holes (MHs) for the past decades. More recently, the introduction of internal limiting membrane (ILM) peeling increased closure rates from 58% to 90%.[@bib1]^,^[@bib2] However, macular hole closure rates depended strongly on base diameter, inner opening size, and chronicity.[@bib3]^,^[@bib4] Therefore, surgical treatment is less likely to be successful in MHs larger than 400 μm and holes that have persisted for longer than 1 year.[@bib4] Several techniques were described to enhance surgical success in these cases including internal limiting membrane peeling, temporal arcuate retinotomy,[@bib5] compression of the retinal edges,[@bib6] autologous platelets,[@bib7] lens-capsule flap transplantation,[@bib8] heavy silicone tamponade,[@bib9] and inverted flap technique.[@bib10] However, there is no definitive method and no data to suggest a best method.

The aim of this report is to evaluate the anatomical and functional outcomes of two cases of chronic and persistent MHs using a surgical technique for closure enhancement, previously described by Oliver et al.[@bib11]

2. Findings {#sec2}
===========

2.1. Surgical technique {#sec2.1}
-----------------------

Retina expansion technique for macular hole apposition (RETMA) has been previously described.[@bib11]^,^[@bib12] It is performed as follows; A combined phaco-vitrectomy surgery is performed if needed (see Video, which demonstrates the procedure). After phacoemulsification surgery, a standard three-port pars plana vitrectomy approach is used with 23-gauge instrumentation. If required, extraction of the remainder posterior hyaloid stained with triamcinolone acetonide (TA) is performed trough a wide field lens. The internal limiting membrane is stained with Brilliant Blue dye and FINESSE™ Flex Loop (Grieshaber®/Alcon) is used to obtain the flap and either perform the peeling of the remnants ILM in the case of persistent MH or perform the complete peeling in the chronic hole case without previous vitrectomy. This surgery step is performed under a high-magnification macular lens (Hassan-Tornambe). After complete MLI peeling, three puncture retinotomies (one superior, one temporal and one inferior) are performed with a PolyTip® (MedOne) 23g/38g (0.12 mm) × 5 mm tip -gauge rigid retinal hydrodissection cannula. Subretinal infusion of balanced salt solution (BSS) is performed until each bleb connected with the macular hole, at which point it would stop enlarging. The infusion pressure is manually controlled with a syringe in the surgeon\'s right hand. An air-fluid exchange is performed but the subretinal fluid is not drained. SF6 al 20% concentration is injected into the posterior cavity. All ports were checked and sutured, if necessary. Face-down position was required during at least 6 hours per day for 3 days.

2.2. Case 1 {#sec2.2}
-----------

A 61-year-old female was referred to our Department after reporting several months of decreased visual acuity in her right eye (OD) secondary to chronic macular hole. A large macular hole had been diagnosed by SD-OCT 20 months ago. Additionally, she had history of rhegmatogenous retinal detachment (RRD) surgery in the same eye 24 months ago. At presentation, her best corrected visual acuity (BCVA) was counting fingers (CF) OD and 20/30 left eye (OS). The anterior segment exam was within normal ranges in both eyes (OU). Intraocular pression (IOP) measurement was 16 mmHg in both eyes. Dilated fundus examination in affected eye revealed a well-defined round foveal area representing a large macular hole ([Fig. 1](#fig1){ref-type="fig"}a). Retina was completely re-attached and a scar pigmentation secondary to endolaser was observed around the old retinal lesions. SD-OCT (Spectralis-OCT, Heidelberg Engineering, Heidelberg, Germany) confirmed a full-thickness macular hole with a relatively large base diameter (1430 μm) and elevated edges of the lesion ([Fig. 1](#fig1){ref-type="fig"}b) with a hole height of 404 μm. The macular hole index[@bib13] was \<0.50 (0.28). Additionally, a small accumulation of intraretinal fluid in the perilesional area was also observed. Due to the hole size and chronicity along with her history of retinal detachment, we decided to discuss extensively with the patient about different surgical options. After that, the patient decided to proceed with this surgical approach. (*See Video Case 1, Supplemental Digital Content 1, which demonstrates the procedure).* Thirty days after surgery her BCVA improved from CF to 20/200 and SD-OCT scans still showed an open but smaller macular hole ([Fig. 1](#fig1){ref-type="fig"}b). However, in spite of an initial anatomical restoration, the macular hole had not been closed after 3 months of follow-up. After 6 months post-operative follow-up, macular hole was observed bigger than in the previous visit and, for that reason we concluded that this novel surgical technique had failed to close the chronic macular hole in this patient ([Fig. 1](#fig1){ref-type="fig"}c).Fig. 1Case 1. Preoperative spectral-domain optical coherence tomography (SD-OCT) the right eye. Preoperative macular hole index (ratio of the macular hole height to the base diameter) was \<0.28 (a). Three-month postoperative SD-OCT shows persistent of full thickness macular hole, although its size is decreased (b). After 6 months of follow-up, the macular hole not only is open but also is larger than first 3 months of follow-up (c).Fig. 1

2.3. Case 2 {#sec2.3}
-----------

57-year-old female with history of idiopathic macular hole in her OS treated with pars plana vitrectomy with ILM peeling, and gas tamponade 12 months ago. However, persistent macular hole was identified immediately after surgery by means of slit lamp exam and SD-OCT scans, and then no changes were observed during 10 months of follow-up. At that time, BCVA was 20/20 in her OD and 20/400 in her OS.

A second surgery with more aggressive management than standard MH surgery was analyzed with the patient. She was aware that probability of success would be lower after each failed intervention. After reviewing the risks and benefits of several available techniques, it has been decided to perform the surgical technique for persistent macular hole described in this report. *See Video Case 2, Supplemental Digital Content 2, which demonstrates the procedure).* The surgery was done without complications. One month after surgery a complete MH close was observed with SD-OCT. BCVA improved from 20/400 to 20/200 and this visual recovery remains after 12 months of follow up ([Fig. 2](#fig2){ref-type="fig"}).Fig. 2Case 2. Preoperative SD-OCT of the right eye (a). Twenty-four-month postoperative SD-OCT demonstrates that the hole remains closed. Note the complete restoration of foveal architecture. Visual acuity was 20/200 at this follow-up visit (b).Fig. 2

3. Discussion {#sec3}
=============

This case series reports an idiopathic macular hole case which could not be closed by the standard approach, but it was successfully treated after second surgery by allowing for retinal mobilization with the Oliver\'s technique (Case number 2). However, we also describe another case (Case number 1) with history of large and chronic macular hole secondary to rhegmatogenous retinal detachment (RRD) surgery in which the same procedure was not able to close the hole. Both cases were performed by two experienced retinal surgeons. First case was done by first author (MZ) and the second case by a co-author (MS) of this case series.

Treatment of either persistent or chronic macular hole remains a significant challenge for vitreoretinal surgeons. Indeed, a few years ago, most of these cases were previously believed to be inoperable and left without treatment. The closure rate and visual outcome of full-thickness macular holes depend on size and chronicity. Therefore, large and chronic macular holes are known to have an unfavorable outcome.[@bib14] Surgical success in both chronic and persistent cases is low, achieving anatomical closure rate from 46.7% to 68.9%.[@bib14] When the MH persists after surgery, the underlying cause may be related to a residual vitreomacular traction, insufficient tamponade, or noncompliance to face down position. Additionally, it has been suggested an additional force that impedes edges approximation, even after relief of traction caused by the vitreous and the ILM.[@bib11] In our cases the implemented technique uses the inherent elastic properties of the retina to bring the edges of the large macular hole closer, to promote closure.[@bib11] Wong et al.[@bib15] reported a small sample of three patients with large macular holes which were closed following this retinal expansion technique achieving a 100% success rate. On the other hand, Gurelik et al.[@bib16] reported data for 10 eyes of 10 patients with history of large and persistent MHs treated with this surgical intervention. They describe similar outcomes reported by Wong, demonstrating a MHs closure in all patients during 6 months of follow-up. Recently Wong et al.[@bib12] published the results of a case series of 16 patients with macular holes greater than 650 μm in "aperture" diameter treated with this surgical technique. Eighty-three percent (14 of 16) of eyes had successful hole closure after the procedure. At 12-month follow-up, no worsening in visual acuity was reported, and improvement in visual acuity was noted in 14 of 16 eyes.[@bib12] In our report, we only obtained the macular hole complete closure in one of the two cases.

This surgical technique may be more aggressive than others previously described procedures for treating chronic macular holes. After subretinal BSS is injected and, a retinal detachment is generated especially close to the fovea, this procedure may cause an irreversible and functional damage of the photoreceptor after to be separated from the retinal pigment epithelium (RPE). However, Guerin et al.[@bib17] showed photoreceptor outer segment preservation and regeneration following experimental retinal detachment in rhesus monkeys. On the other hand, this technique may be related to the probability of causing functional defects of the visual field after causing macular detachment. Therefore, further studies are needed to evaluate pre-and post-operatory functional sensitivity of the macular area with multifocal electroretinogram (ERG) to detect and quantify central cone function which could provide an answer to the questions concerning this surgical procedure.

Further long-term analysis and larger samples are necessary to understand the anatomic and functional potential after closure of these large macula holes. In addition, future randomized trials may be helpful in determining the best method in treating these chronic and persistent holes.

4. Conclusion {#sec4}
=============

We report a persistent macular hole case successfully treated with retina expansion technique for macular hole apposition. However, in other case with large and chronic macular hole, the same procedure was not able to close the hole. Future randomized trials may be helpful in determining the best method in treating these large holes. In addition, these results suggest the need to perform further studies to identified the presence of risk factors which could decrease the probability of failure with this interesting surgical technique.
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